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():;9(*;¶The topic of this paper is dynamic project scheduling to illustrate that project scheduling is a dynamic 
process that involves a continuous stream of changes and is a never ending process to support decisions that need to 
be made along the life of the project.
;OLMVJ\ZVM[OPZWHWLYSPLZVU[OYLLJY\JPHSKPTLUZPVUZVMK`UHTPJZJOLK\SPUN^OPJOJHUILIYPLÅ`V\[SPULKHSVUN[OL
following lines: (i) Baseline scheduling to construct a timetable that provides a start and end date for each project activ-
ity, taking activity relations, resource constraints and other project characteristics into account, and aiming to reach a 
certain scheduling objective, (ii) risk analysis to analyze the strengths and weaknesses of your project schedule in order 
to obtain information about the schedule sensitivity and the possible changes that undoubtedly occur during project 
progress and (iii) project control to measure the (time and cost) performance of a project during its progress and use 
the information obtained during the scheduling and risk analysis steps to monitor and update the project and to take 
corrective actions in case of problems.
The focus of the current paper is on the importance and crucial role of the baseline scheduling component for the two 
other components, and the integration of the schedule risk and project control component in order to support a better 
corrective action decision making when the project is in trouble.
0U[YVK\J[PVU
Dynamic scheduling is used to refer to dynamic interplay between 
its three components: baseline scheduling, schedule risk and project 
control. The construction of a baseline schedule plays a central role in 
a dynamic scheduling environment, both for measuring schedule risk 
and in a project control environment. Schedule Risk Analysis (SRA) is a 
technique to measure the sensitivity of project activities and to predict 
[OLL_WLJ[LKPUÅ\LUJLVM]HYPHIPSP[`PUHJ[P]P[`K\YH[PVUZJVZ[ZVU[OL
project objective. An SRA study is done based on Monte-Carlo simu-
lations that repetitively simulate project progress and compare each 
project run with the baseline schedule. Earned Value Management is 
a project tracking and control technique that compares the project 
performance relative to the baseline schedule.
It is conjectured that baseline scheduling, schedule risk analysis and 
project tracking go hand in hand and each component is based on 
assumptions and results obtained by the other. Figure 1 shows the 
three building blocks of dynamic scheduling and shows the relevance 
of the baseline schedule as a point of reference for both schedule risk 
and project control.
The topic of this paper is to discuss the missing link in the dynamic 
scheduling principle: can schedule risk analysis and earned value man-
agement be integrated into a single project tracking approach to better 
support the decision making process of corrective actions?
The outline of this paper is as follows. Section 2 reviews the basic 
principle of EVM in a project tracking environment and refers to this 
approach as a top-down project tracking approach. In section 3, the 
basic SRA principle is outlined as a so-called bottom-up project track-
ing approach. The two approaches are compared to each other in a 
large dynamic project control study and the main conclusions are sum-
marized in section 4. Section 5 gives overall conclusions and highlights 
potential paths of future work.
Baseline Schedule
Schedule Risk Project Control
Dynamic
Scheduling
The baseline schedule acts as a 
point-of-reference
for schedule risk analysis. 
Sensitivity information of activities 
is obtained by simulating 
deviations from this baseline 
"$$!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progress using Monte-Carlo runs
The baseline schedule acts as a 
point-of-reference
for project performance 
measurement. Time and cost 
performance is measured as a 
comparison between EV (project 
progress) and PV (baseline 
schedule).
Both the information from a Schedule Risk Analysis 
(SRA) and the performance measurement of an Earned 
Value Management (EVM) approach can be used to 
improve the corrective actions that need to be taken 
when projects are in trouble  
Figure 1: Dynamic scheduling: baseline scheduling, risk analysis and project control 
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Project tracking using earned value management should not be con-
sidered as an alternative to the well-known critical path based sched-
uling and tracking tools. Instead, the EVM methodology offers the 
project manager a tool to calculate a quick and easy sanity check on 
the control account level or even higher levels of the work breakdown 
structure (WBS). In this respect, an earned value management system 
is set up as an early warning signal system to detect problems and/
VYVWWVY[\UP[PLZ PUHULHZ`HUKLMÄJPLU[^H `^OPJOPZVI]PV\ZS` SLZZ
accurate than the detailed critical path based scheduling analysis of 
each individual activity. However, this early warning signal, if analyzed 
WYVWLYS `KLÄULZ[OLULLK[VL]LU[\HSS`KYPSSKV^UPU[VSV^LY>):SL]-
els. In conjunction with the project schedule, it allows taking corrective 
actions on those activities that are in trouble (especially those tasks 
which are on the critical path). In this paper, this top-down tracking 
approach is called a project-based tracking method. Figure 2 displays 
HÄJ[P[PV\Z^VYRIYLHRKV^UZ[Y\J[\YL >): [V PSS\Z[YH[L [OLWYVQLJ[
based project tracking approach of earned value management.
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Figure 2: The top-down project-based tracking approach of earned value management 
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Figure 3 illustrates the bottom-up tracking approach of schedule risk 
analysis. The detection of activity sensitivity information is crucial to 
steer a project manager’s attention towards a subset of the project 
activities that have a highly expected effect on the overall project per-
formance. These highly sensitive activities are subject to intensive con-
trol, while others require less or no attention during project execution. 
This approach is referred to as an activity-based tracking approach to 
denote the bottom-up control and tracking approach to take corrective 
actions on those activities with a highly expected effect on the overall 
project objective.
Four well-known sensitivity measures have been tested on their useful-
ness to measure the degree of activity sensitivity and to reduce the 
effort of the project tracking process without losing the ability to take 
appropriate corrective actions with positive effects on the overall proj-
ect objective. The test results show that most sensitivity measures are 
HISL[VTLHZ\YL[OLKLNYLLVMZLUZP[P]P[`HUKJHUIL\ZLKHZPKLU[PÄLYZ
of an activity’s sensitivity when projects contain many parallel activities. 
However, for projects with a more serial network structure, most sen-
sitivity measures are no longer able to distinguish between insensitive 
and sensitive activities, and hence, a careful selection of a subpart of 
the activity set that will be subject to a detailed tracking approach is 
TVYLKPMÄJ\S[VYZPTWS` PTWVZZPISL;OLV]LYHSSJVUJS\ZPVUPZ[OH[[OL
JYP[PJHSP[`PUKL_*0[OLZPNUPÄJHUJLPUKL_:0HUK[OLJY\JPHSP[`PUKL_*90
perform well for parallel networks but fail in discriminating between low 
and high sensitivity for serial networks. The schedule sensitivity index 
SSI is the only sensitivity measure that is able to select a sensitive sub-
set of activities for both parallel and serial networks, and hence, can 
be easily used to guide and simplify the bottom-up tracking process.
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Figure 3: The bottom-up activity-based tracking approach of schedule risk analysis 
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=HUOV\JRL H OHZ L_WLYPTLU[HSS` ]HSPKH[LK [OL LMÄJPLUJ` VM [OL
[^VHS[LYUH[P]LWYVQLJ[[YHJRPUNTL[OVKZVMÄN\YLZHUKPUOPZIVVR
titled ”Measuring Time - Improving Project Performance using Earned 
=HS\L4HUHNLTLU[¹ 0U [OPZ Z[\K ` [OL LMÄJPLUJ` VM JVYYLJ[P]L HJ[PVUZ
taken on projects in trouble is measured for various projects, ranging 
from parallel to serial projects. Those corrective actions are triggered by 
information obtained by a schedule risk analysis (bottom-up) or an EVM 
warning signal (top-down). Figure 4 shows an illustrative graph of this 
[YHJRPUNLMÄJPLUJ`MVYIV[O[YHJRPUNHWWYVHJOLZ;OLNYHWOJSLHYS`KLT-
onstrates that a top-down project-based tracking approach using the 
EVM performance measures provides highly accurate results when the 
project network contains more serial activities. This top-down approach 
lies in the heart of the earned value management philosophy and has 
been tested in detail throughout the book. The bottom-up activity-based 
tracking approach using sensitivity information of activities obtained 
through a standard schedule risk analysis is particularly useful when proj-
ects contain a lot of parallel activities. This bottom-up approach requires 
Z\IQLJ[P]LLZ[PTH[LZVMWYVIHIPSP[`KPZ[YPI\[PVUZ[VKLÄUL[OLHJ[P]P[`YPZR
WYVÄSLZI\[ZPTWSPÄLZ[OL[YHJRPUNLMMVY[I`MVJ\ZPUNVU[OVZLHJ[P]P[PLZ
^P[O H OPNOS` L_WLJ[LKLMMLJ[ VU [OLV]LYHSS WYVQLJ[ VIQLJ[P]L ;HISL° 
summarizes the main conclusions of this research study, and more infor-
mation can be found in Vanhoucke (2011).
*VUJS\ZPVUZ
In this paper, two alternative project tracking methods are compared 
HUK]HSPKH[LKVU [OLZL[VMÄJ[P[PV\ZWYVQLJ[KH[H\ZPUN4VU[L*HYSV
simulations. The top-down project tracking method relies on EVM proj-
ect performance data that are used as early warning signals and trig-
gers to the need for corrective actions. The bottom-up tracking method 
is based on schedule risk analysis that reveals sensitivity information of 
each activity and hence the need to focus on only the highly sensitive 
parts of the project.
The basic conclusions of a large project study have been summarized 
HUKOPNOSPNO[LK[OYV\NOV\[[OPZWHWLY;OL[YHJRPUNLMÄJPLUJ`PZOPNO
for a top-down project tracking approach using EVM information when 
the project contains many serial activities. This is completely in line with 
the forecast accuracy study of Vanhoucke and Vandevoorde (2007). 
;OL[YHJRPUNLMÄJPLUJ`PZOPNOMVYHIV[[VT\W[YHJRPUNHWWYVHJO\ZPUN
SRA information when the project contains many parallel activities. 
;OLZLYLZ\S[ZJVUÄYT[OLYLZ\S[ZHUKJVUQLJ[\YLZTHKLPU=HUOV\JRL
(2010b) and are published in Vanhoucke (2011).
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Figure 4: The tracking efficiency of a bottom-up and top-down tracking approach 
 
 
Table 1: Overall summary of the tracking efficiency study 
 Activity-based 
project tracking 
(bottom-up) 
Project-based  
project tracking  
(top-down) 
Parallel networks V 
Focus only on highly sensitive 
activities 
 
X 
Inaccurate time 
predictions 
 
Serial networks X 
Detection of sensitive activities 
often impossible 
 
V 
Accurate time predictions 
(using earned schedule) 
 
 
